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Abstract
The Decision Applications Division (D Division) 2004-2005 Progress Update summarizes
substantive work completed by D Division staff members in 2004. This update supplements
the Decision Applications Division 2003-2004 Progress Report. The update is primarily
technical in nature. Included in the report are summaries of each group’s academic focus and
of specific projects, a brief look at the Division’s financial and workforce statistics, and a list
of publications. This update is directed toward for the D Division Division Review Committee,
which reviews and certifies the Division technical acumen.
Additional information can be obtained by contacting the D Division Office at
(505) 667-4567 and by viewing the D Division Web site at http://www.lanl.gov/orgs/d/.
The previous report in this unclassified series is LA-14120-PR.
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FROM THE D DIVISION LEADER

This past year has been very rewarding and exciting for the Decision
Application (D) Division, despite the operational challenges we faced.
Concerned with escalating Lab-wide safety and security incidents, the
Laboratory suspended all operations and asked us to identify operational vul-
nerabilities related to safety, security, and compliance. Micheline Devaurs left
her position as Division Leader initially to assist in resumption activities for
the Nuclear Weapons Systems Analysis Office and then to lead the Strategic
Research Directorate.

Although this suspension required considerable staff time away from the
technical work, it also allowed us to transform our operations as never
before. For example, we have streamlined our classified computing operations
to the extent that we now have a state-of-the-art classified network that
enhances our connectivity to the external world and allows us to carry out
operations in a more secure and efficient environment, without the need for
classified removable electronic media (CREM). It is also worth noting that
D Division was one of the first divisions to fully resume operations after
the work suspension and that meant we were able to meet most program-
matic milestones.

We have made significant strides in the past year in developing and execut-
ing nationally significant programs that continually improve quality of sci-
ence. As a member of the Threat Reduction Directorate, homeland security,
nonproliferation and intelligence activities continue to be a core part of our
mission. We contributed significantly to several national programs including
second line of defense, megaports and BASIS — all aimed at deterring or
effectively responding to threats from weapons of mass destruction (WMD).
We advanced underlying science including stochastic network interdiction,
sensor siting, and sensor data acquisition, handling, and analysis.
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D Division also continues to lead the National Infrastructure simulation
and Analysis Center (NISAC) program, and this year we accomplished a major
milestone when the NIASC set of tools became operational. We both strength-
ened and expanded our role in support of nuclear weapons (NW) programs

to include enterprise stockpile systems modeling and Robust Replacement
Warhead (RRW) Phase I studies. Our role in quantification of margins and
uncertainties has contributed directly to meeting Appendix F milestones.

We are now the host for the Defense Transformation Study Group and are
expanding our portfolio of Department of Defense (DoD) programs related to
systems integration and decision modeling. D Division continues to be the
Laboratory technical lead in nuclear energy programs, and our portfolio of
nuclear energy programs increased to nearly $15M and includes the most
recognized space nuclear program. Among the initiatives, Knowledge
Discovery and Dissemination (KDD) and Horizontal Integration are starting
to pay significant dividends.

In all, it has been a rewarding experience for me personally to lead such a
diverse organization with acknowledged expertise in decision support tech-
nologies that are so vital to the Laboratory and the nation. We accomplished
our operational transformation thanks to our commitment to operational
excellence and belief in our core values. W

wuﬁ/s&

Decision Applications Division




Decision Applications Division—An Overview

OUR VISION

Create enhanced decision processes by
integrating science, engineering, and
technology and apply them to critical
Laboratory and national decisions.

OUR MISSION

Through science-based, multidisciplinary
assessments, enable important national
security decisions pertaining to the safe-
ty and reliability of the U.S. nuclear
deterrent, national critical infrastructure
protection and homeland security,
national defense transformation, and
nuclear energy and environment.

OUR CORE VALUES

Excellence in science and technology,
good stewardship of our programs, the
academic and cultural diversity of our
workforce, and local and national com-
munity outreach.

DECISION APPLICATIONS
DIVISION

The Decision Applications (D) Division is
the science-based decision analysis arm
of the Los Alamos National Laboratory
(LANL). In fact, decision analysis capa-
bilities are the unique thread of conti-
nuity that binds this otherwise diverse
division of almost 300 employees
together. The S&T base of D Division is
instrumental in enabling important
institutional and national decisions that
have a direct impact on our national
security. In addition, D Division's
Department of Defense (DoD) Program
Office also plays a leading role in devel-
oping, coordinating, and executing DoD-

sponsored research and development
across the Laboratory.

Decision analysis, in the context of D
Division, creates enhanced decision
processes through integration of science,
engineering, and technology and applies
those processes in support of critical

Laboratory and national decisions. D
Division's broad-based S&T capabilities
are vital to carrying out the multidisci-
plinary assessments that are an essential
component of decision analysis of com-
plex systems. These capabilities are what
makes D Division unique at Los Alamos.
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We maintain and continually upgrade
our capabilities by recruiting well-pub-
lished staff, engaging in cooperative
research with visiting faculty and stu-
dents, and by actively participating in
Laboratory Directed Research and
Development (LDRD) programs.

Construction continures
on the National Security
Sciences Building at
TA-3 at the Los Alamos
National Laboratory.

The Decision Application (D) Division
has seven core capabilities.

Computational Science
Computational science contributes to
fundamental scientific understanding by
applying computer-based representations
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to scientific and engineering problems.
This work complements the traditional
mechanisms of theory and experimenta-
tion in the scientific method. One of the
Division’s unique capabilities is bringing
together theoreticians and practitioners
to translate ideas from theory to reality.

Modeling and Simulation

The modeling and simulation capability
develops algorithms, models, and other
software components to represent and
study actual or theoretical systems of
interest. The Division delivers these as
products in their own right or uses
them in support of our analyses.

Engineering

Engineering is a strong component of
D Division's skill set, with fields
ranging from nuclear weapons and
manufacturing processes engineering
to infrastructure reliability and safety
engineering. Our engineers’ abilities to
work closely with modeling and simula-
tion experts gives us a special insight
that we can apply to designing
advanced nuclear reactors for space
exploration and to advancing homeland
security technologies.

Operations

Research/Systems Analysis
Practitioners of operations research/sys-
tems analysis (OR/SA) develop and apply
tools and methods to understand the
behavior of complex systems. The goals
are to provide a rational basis for deci-
sion-making, to predict system behavior,
and improve system performance.



Statistical Science

Distinguished by its multidisciplinary
nature, statistics is the science of
extracting scientifically meaningful
qualitative and quantitative information
sets and learning from data of all types.
The ultimate goal is to support decision
making under uncertainty, from deci-
sions about basic scientific phenomena
to public policy.

Qualitative Analysis

Qualitative analysis refers to an interdis-
ciplinary set of computational and
descriptive techniques and tools used

to understand problems and develop
solutions in domains that are inherently
difficult to quantify. Included are
different methods for eliciting, repre-
senting, and integrating information
from diverse sources.

Nuclear Science and
Engineering

Within D Division, nuclear science and
engineering involves both developing
nuclear analysis tools and utilizing
analysis tools to design advanced or spe-
cial purpose fission systems and to solve
complex problems associated with
nuclear systems.

The D Division staff apply these capa-
bilities to basic and applied national
security problems. We conduct objective,
quality systems studies; engineering
analysis; and safety, hazard, and risk
assessments in the areas of critical infra-
structure (transportation, communica-
tions, power, financial, and natural sys-
tems) assurance, military systems, and

exploitation of nuclear systems for
national needs.

Division Thrust Areas
Nuclear Weapons

About a decade ago, the United States
stopped producing new nuclear weapons,
resulting in an aging stockpile. Nuclear
weapons testing also ended, making it
more difficult to assess the safety and
reliability of that stockpile. Today we
need improved analytical methods and
tools to manage this overly committed
and constrained weapons program. To
support the nuclear weapons programs,
the Division provides a broad array of
technical capabilities such as program-
matic management and integration,
project risk analysis, uncertainty quan-
tification, reliability assessment, manu-
facturing process planning and analysis,
nuclear safety analysis, systems analysis,
statistical analysis, stockpile planning,
and surety and facility planning. Our
work is critical to both the short- and
long-term success of the Lab’s nuclear
weapons program.

D Division currently supports a multi-
tude of projects in the nuclear weapons
arena. The nuclear weapons programmat-
ic funding base is approximately $25M.
Our goal is to be recognized as a partner
in the Laboratory’s nuclear weapons pro-
gram and to provide decision support to
all aspects of the program. The major
long-term objective is to integrate the
Division into the decision-making
structure of the Lab’s nuclear weapons
program. To that end, we will focus on
building responsive teams that support

Los Alamos National Laboratory

the vision; supporting the established
nuclear weapons programs with our
Division's unique decision support
assets; aggressively developing new
programs and projects in the nuclear
weapons arena; teaming with other
divisions and leading by example; sup-
porting division/sister-group led proj-
ects with appropriate resources; and
maintaining professional and career
development for all staff.

Threat Reduction

The 9/11 World Trade Center attacks
raised concerns about our nation’s abili-
ty to prevent and respond to terrorist
threats and underscored the need for
integrating our nation’s disparate pieces
of information (e.g., knowledge, discov-
ery, and dissemination). D Division is
developing technologies to protect our
critical infrastructures from asymmetric
threats, including threats from WMD. We
collaborate closely with ISR, B, and N
Divisions. One of our long-term objec-
tives is to maintain D Division as the
national center of excellence for model-
ing and simulating critical infrastructure
interdependencies.

NISAC provides fundamentally new
modeling and simulation capabilities for
analyzing critical infrastructures, their
interdependencies, vulnerabilities, and
complexities. We apply our modeling,
simulation, and systems analysis capa-
bilities to designing optimum strategies
to assess, mitigate, and respond to
threats from WMDs.

D Division is also a national center of
excellence in biosurveillance. This role is
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evidenced by the fact that several cities
use our technologies to monitor and
respond to radiation, nuclear, biological,
and chemical threats. We are actively
working to advance our technologies
through collaborative research sponsored
jointly by the Department of Homeland
Security (DHS) and the Defense Threat
Reduction Agency (DTRA).

D Division also serves as the systems
integrator for several nuclear sensor
deployments, contributing directly to
the successful execution of the Second
Line of Defense (SLD) and Megaports
programs. We have advanced the under-
lying scientific methods, including sto-
chastic interaction modeling and sensor
data acquisition, handling, and analysis.
These advances will aid us in developing
future system architecture for sensors to
be deployed over the continental United
States (CONUS).

Energy and Environment
D Division has a strong background in
the safety, security, and environmental
aspects of nuclear energy. We support
critical regulatory, policy, and planning
decisions for our customers, and our pro-
grams support the Nuclear Regulatory
Commission’s (NRC) Offices of Research,
Reactor Regulation, and Nuclear
Materials Safeguards and Security. We
also support the Advanced Fuel Cycle
Initiative for the DOE Office of Nuclear
Energy. We are a national center of
excellence for design and analysis of
compact nuclear reactors.

The scientific foundation of this
research is grounded in our technical
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expertise. Important current Division
research activities include assessing vul-
nerabilities to terrorist threats in the
nation’s nuclear energy facilities, space
nuclear reactor design and technology
development, and systems modeling of
advanced fuel cycle options.

DoD/Conventional Defense

As the DoD applies technologies to
transforming defense, the Laboratory is
playing a growing role in providing
innovative science and technology solu-
tions for conventional defense strate-
gies. The Defense Transformation (DT)
and Horizontal Integration (HI) initia-
tives require complex decisions regarding
technology selection and qualitative
modeling. This presents unique opportu-
nities for D Division to re-establish itself
as the integrator of defense systems and
technologies developed across the
Laboratory and across the country. Qur
DoD Program Office works diligently to
develop programs in these areas, leverag-
ing our existing capabilities. The pro-
gram office also oversees the Defense
Science Studies Group and the Service
Academy Research Associates Program,
which are our internal and external out-
reach programs.

Workforce Excellence

D Division has a workforce staffing plan
that involves division and group man-
agers, furthers the D Division strategic
and group business plans, and imple-
ments the Division's strategic hiring
process. We encourage diversity in scien-
tific approach and team membership and

foster a work environment that encour-
ages creativity, academic freedom, fair
evaluation of ideas, and celebration of
achievements. We encourage professional
development through mentoring, disci-
pline associations, training, peer review,
publications, and presentations. The
framework for workforce planning
includes identifying strategic staffing
needs based on our Division's thrust
areas and group business plans. Core
capabilities are reviewed and critical
skills are identified as needed to
enhance the Division's core capabilities
in concert with thrust area goals. D
Division strives to hire a new generation
of scientists who will increase our tech-
nical depth across disciplines.

Facilities and Infrastructure
The Decision Applications Division has
developed a Facility Strategic Plan (FSP)
that supports long-range facility plan-
ning from an institutional and division
perspective. The plan addresses all major
mission activities in D Division. The
Division envisions a future where its
employees are concentrated at one major
facility. Consolidation will improve inter-
actions between scientists from various
divisions (CCS, X, T, N, and ISR) collabo-
rating on issues.

The plan includes consolidating exist-
ing facilities to achieve cost savings,
new construction to accommodate pro-
jected mission needs, and needed
upgrades to improve reliability and
availability of facilities.

The D Division FSP prioritizes several
scenarios ranging from participation as
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an occupant of the proposed Los Alamos
Science Complex (LASC) to a series of
renovation and general plant projects. D
Division’s long-term strategy would be
to consolidate the entire division,
including classified and unclassified
work, at the LASC using third-party
financing. The Division has confirmed an
agreement with the Strategic Research
Directorate to be included in Phase II of
the LASC project and is prepared to join
the process of initial requirements defi-
nition.

At the highest level, this FSP, when
implemented, will support Division
strategies for program elements including

Growing our portfolio and becoming
a strategic partner to the Nuclear
Weapons Program

Integrating the DoD Program with D
Division systems analysis
Integrating the homeland security
portfolio, focusing on the applica-
tion of D Division capabilities, to
solve national problems

Focusing the energy and environ-
ment program on nuclear reactor
applications, nuclear fuel cycle ini-
tiative, and systems analysis to
support national energy and envi-
ronmental programs, and
Developing a research program that
supports both ongoing products
and new capability development.

We continue to nurture our D Division
Visualization Laboratory, which provides
high-performance graphics processors
and a large-screen, stereo-enabled proj-
ect environment. This capability greatly
enhances our contributions to the home-
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land security work of the Laboratory by
providing tools that are applied to prob-
lems ranging from data flow architecture
and traffic simulations to energy inter-
dependencies and potential terrorist
activity.

The Division has also made great
progress in implementing a state-of-the-
art, secure network that provides disk-
less computing and more timely and
efficient collaborations among our tech-
nical staff in support of the Nuclear
Weapons Program. In support of this
effort, D Division was one of the first
organizations to consolidate all of its
classified media holdings into a CREM
library.

D Division is committed to a safe and
secure working environment for the
technical staff, and certainly the efforts
described in this section have enabled
our staff to continue to meet their
technical goals in support of the
Laboratory’s mission.

SPECIAL RECOGNITION

The continued commitment of the D
Division workforce is recognized signifi-
cantly by the external community.
Among others, this year Sallie Keller-
McNulty of the Statistical Sciences (D-1)
Group was elected president of the
American Statistical Association (ASA).
Sallie will serve a three-year term,
including president-elect in 2005, presi-
dent in 2006, and past president in
2007. One of Sallie’s main efforts as
president will be to foster an infrastruc-
ture within the ASA that strongly links
the statistical sciences” industrial and



research laboratory communities with
the academic sector and the national
institutes. Sallie became an ASA Fellow
in 1997 and has held several positions
within the association, including win-
ning the Founders” Award in 2002. With
more than 17,000 members, ASA is the
largest professional statistical associa-
tion in the world.

Harry Martz, Jr., and Michael
Hamada of the Statistical Sciences
group are joint winners of the 2004
Distinguished Licensing Award. They are
the principal team members in an ongo-
ing collaboration with Procter & Gamble
to develop innovative manufacturing
reliability methods and systems. The
Distinguished Licensing Award recog-
nizes innovators who proactively engage
in commercialization activities at Los
Alamos and who have had a positive
impact on the Laboratory’s Licensing
Program. These individuals, by example,
demonstrate outstanding success in
transferring Laboratory-developed tech-
nologies to the public and private sec-
tors. In addition, the recipients’ com-
mercialization track record has enhanced
the reputations of both the University of
California and the Laboratory. Nominees
for this award are evaluated based on
ongoing active engagement in the
licensing process; active participation in
the promotion of their technologies;
number of technologies licensed; num-
ber of licenses per technology; and sup-
port for multiple uses of the licensed
technologies (private and public). W
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2005 Division Review Committee

THE COMMITTEE

The 2005 Decision Applications Division
Division Review Committe members are

Per F. Peterson
(Committee Chair)
UC-Berkeley, Professor and Chair,
Department of Nuclear Engineering
Professor Peterson manages the UC-
Berkeley Thermal Hydraulics Research
Laboratory. His research focuses on
problems in energy and environmental
systems, including inertial confinement
fusion, advanced light water reactors,
high-level nuclear waste processing, and
nuclear materials management. Professor
Peterson has served on the UC-Berkeley
College of Engineering strategic planning
committees, as well as chairing the
College Committee for Undergraduate
Studies. He has contributed to the
Journal of Heat and Mass Transfer as an
associate editor and currently serves as
an editor for Experimental Heat Transfer.
From 1996-1997, Dr. Peterson served as
chairman for the Thermal Hydraulics
Division of the American Nuclear
Society. As a consultant, he contributed
to the design of the Westinghouse AP-
600 advanced reactor. He received a
Ph.D. from the University of California-
Berkeley in 1988.

Paul Bracken
Yale University, Professor of
Management and Political Science

A former visiting professor at Beijing
University, Dr. Bracken teaches courses
on international strategy and organiza-
tion, global technology management and
innovation, and building competitive
advantages through information tech-
nology. Before joining the Yale faculty,
Professor Bracken was on the senior
staff of the Hudson Institute for ten
years, a think tank where he worked
closely with the late Herman Kahn, its
founding director. Professor Bracken is a
member of the Council on Foreign
Relations as well as the International
Institute for Strategic Studies. Professor
Bracken has a Ph.D. in operations
research from Yale University.

Geoffrey Fox
Syracuse University, Professor of
Physics and Computer Science,
Director of the Northeast Parallel
Architectures Center

Dr. Fox received a Ph.D. in theoretical
physics from Cambridge University and is
now professor of computer science,
informatics, and physics at Indiana
University. He is director of the
Community Grids Laboratory of the
Pervasive Technology Laboratories at
Indiana University. He previously held
positions at Caltech, Syracuse University,
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and Florida State University. He has
published over 400 papers in physics
and computer science and has been a
major author on four books. Dr. Fox has
worked in a variety of applied computer
science fields, with his work on compu-
tational physics evolving into contribu-
tions to parallel computing and now to
grid systems. He has worked on the
computing issues in several application
areas—currently focusing on earth-
quake science.

Stephen J. Guidice
Independent Consultant

Mr. Guidice has a broad range of sen-
ior executive service government experi-
ence in managing complex technical
programs and integrating the activities
of diverse organizations,such as the
three Department of Energy (DOE)
nuclear weapons laboratories, seven
large commercial contractors operating
DOE nuclear weapon production plants,
the Department of Defense, and foreign
governments. He received his B.S. in
engineering and M.S. in management
from the Rensselaer Polytechnic
Institute in Troy, NY.

Charles M. Herzfeld
Senior Associate, Center for Strategic
and International Studies

Dr. Herzfeld has served as Director of
the Advanced Research Projects Agency
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when the ARPAnet was started, as Vice
President for Research and Technology
at ITT Corporation, Director of Defense
Research and Engineering in the
Department of Defense, and senior con-
sultant to the Science Advisor of the
President. He has been a member of the
Chief of Naval Operations Executive
Panel since its formation in 1970, and
has served on the Defense Science
Board and the Defense Policy Board. He
has testified frequently before Congress
and written and lectured on the sub-
jects of defense technology and policy,
information technology and high-per-
formance computing. Dr. Herzfeld has a
Ph.D. from the University of Chicago in
physical chemistry.

Raymond J. Juzaitis
Lawrence Livermore National
Laboratory: Chief Scientist,
Nonproliferation, Arms Control, and
International Security Directorate

Dr. Juzaitis’ most recent position was
Associate Director for Weapons Physics
at Los Alamos, before moving to
Lawrence Livermore National Laboratory
in February 2004. During his tenure as
Associate Director at LANL, Dr. Juzaitis
was responsible for the nuclear weapon
physics design and assessment effort,
including Lab-wide science activities
that contribute most directly toward
the science-based certification of
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nuclear weapon performance and safety.
He began his career at Los Alamos as a
technical staff member in radiation
transport in X-6, later moving to X-4 to
participate in nuclear weapon design
and testing. He served as a member of
the W88 design team and later was
design team leader for the primary
design of the Strategic Earth-Penetrator
warhead. Throughout his career at
LANL, Dr. Juzaitis served as Deputy
Division Leader in J Division, X Division
Leader, and concurrently as the Director
for the National Hydrotesting Program
and Deputy Associate Laboratory
Director. At Livermore, he is actively
involved in developing an end-to-end
systems architecture for the interdiction
of unconventional nuclear and radiologi-
cal threats to national security. He is
Executive Staff Director for a proposed
DHS-sponsored Winter Study addressing
these threats.

Dr. Jon R. Kettenring
Former Executive Director of the
Mathematical Sciences Reseach Center
at Telcordia Technologies

Dr. Kettenring joined Telcordia in
1983 after 15 years in the Statistics and
Data Analysis Research Department at
Bell Laboratories, where he engaged in
and supervised statistics research.x. He
is a Fellow of ASA and AAAS and an
elected member of the International
Statistical Institute. He has represented
a “statistics in industry” perspective in a
variety of national and international
assignments. These include President of
the American Statistical Association,

Member of the Board on Mathematical
Sciences of the National Research
Council, Chair of the Board of Trustees
of the National Institute of Statistical
Sciences, and Member of the Board of
Directors of the Interface Foundation of
North America. He is currently a Fellow
at Drew University in Madison, NJ.

Dr. Kettenring has a B.S. and M.S.
in statistics from Stanford University
and a Ph.D. from the Univesity of
North Carolina.

Nozer D. Singpurwalla
George Washington University/
Professor of Operations and Statistics
Distinguished Research Professor

Dr. Singpurwalla has been a visiting
professor at Carnegie-Mellon University,
Stanford University, the University of
Florida-Tallahassee, and the University
of California at Berkeley. During 1991,
Dr. Singpurwalla was the first
C.C. Garvin Visiting Endowed Professor in
the mathematical sciences at the
Virginia Polytechnic Institute and State
University. He is a Fellow of the
Institute of Mathematical Statistics, the
American Statistical Association, and
the American Association for the
Advancement of Science, and he is an
elected member of the International
Statistical Institute. Dr. Singpurwalla’s
areas of expertise are applied probability
and Bayesian statistics; reliability
theory, warranties, and quality control;
time series analysis; fault tree analysis;
filtering theory; uncertainty in expert
systems; and failure data analysis.
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Dr. Singpurwalla received his Ph.D. in
from New York University in 1968.

Robert J. Thomas
Professor of Electrical and Computer
Engineering, Cornell University
During the 1979-1980 academic year,
Dr. Thomas spent his sabbatical leave
with the U.S. Department of Energy
Office of Electric Energy Systems (EES)
in Washington, D.C. In 1987 and 1988,
he was on assignment from Cornell
University to the National Science
Foundation as the first Program Director
for the Power Systems Program in the
Engineering Directorate’s Division of
Electrical Systems Engineering (ESE).
Dr. Thomas is the author of over 100
technical papers and two book chapters.
He has been a member of the IEEE
University States Activity Board’s Energy
Policy Committee since 1991 and was
the Committee’s Chair from 1997-1998.
Dr. Thomas was a member of the IEEE
Technology Policy Council, has served as
the IEEE-USA Vice President for
Technology Policy, and has been a mem-
ber of several university, government,
and industry advisory boards or panels.
His current technical research inter-
ests are broadly in the areas of analysis
and control of nonlinear continuous and
discrete time systems with applications
to large-scale electric power systems.
He is the founding director of the
11-university member National Science
Foundation Industry/University
Cooperative Research Center and the
Power Systems Engineering Research
Center (Pserc), a center focused on
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problems of restructuring of the electric
power industry.

James Stanley Tulenko
University of Florida, Professor and
Chair, Nuclear & Radiological
Engineering

Professor Tulenko is a Fellow of the
American Nuclear Society and has
received many distinguished awards
including the Mishima Award of the
American Nuclear Society for
Outstanding Research in the areas of
nuclear fuels and materials, the Glen
Murphy Award of the American Society
for Engineering Education, Outstanding
Nuclear Engineering Educator, and the
Gordon McKay National Engineering
Fellowship. He is currently on the board
of the directors for the American Nuclear
Society. His areas of interest are nuclear
engineering, nuclear fuel management,
nuclear waste, nuclear fuel manufactur-
ing, systems engineering, radiation
effects on materials, robotic mainte-
nance in hazardous environments, and
computer simulations.

John F. Ahearne
UC S&T panel liaison for the D, NMT,
and ISR Division Review Committees
Dr. Ahearne is currently director of
research ethics for Sigma Xi and lecturer
at Duke University. Formerly, he served
as chairman of the U.S. Nuclear
Regulatory Commission; Deputy
Assistant, Principal Deputy Assistant,
and acting Assistant Secretary of
Defense; Deputy Assistant Secretary of
Energy; vice-president, Resources for the



Future; USAF, president, Society for Risk
Analysis; chair American Physical Society
Panel on Public Affairs; and chair of the
American Physical Society Forum on
Physics and Society. He is a member of
the UC President’s Council, chair of the
National Security Panel, and a Fellow of
American Physical Society, Society for
Risk Analysis, and AAAS as well as a
member of the American Academy of
Arts and Sciences and National Academy
of Engineering. He received a B. Eng. and
and M.S. in physics from Cornell
University and Ph.D. in physics from
Princeton University. W
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Statistical Sciences

The Statistical Sciences Group was
formed in 1967 to enhance the quality
of research at the Laboratory by provid-
ing a center of statistical excellence. We
work with scientists, engineers, and pol-
icy makers both within and outside the
Laboratory to bring statistical reasoning
and rigor to multidisciplinary scientific
investigations and apply them to prob-
lems of national importance. Qur work
includes developing, understanding, rep-
resenting, and communicating cutting-
edge statistical techniques for decision-
making under uncertainty. The group
has extensive experience in developing
techniques for collecting, analyzing,
combining, and making inferences from
diverse qualitative and quantitative
information sets such as experiments,
observational studies, computer simula-
tions, and expert judgment.

The group’s core competencies include
computationally intensive statistical
methods, Bayesian methods, hierarchical
methods, statistical reliability, uncer-
tainty quantification, experimental
design, spatial-temporal methods, degra-
dation/aging methodology, Monte Carlo
methods, applications of statistics to
general science, and knowledge discov-
ery and dissemination.

FOCUS AREAS

Biological Sciences
Applications

This research involves managing and
analyzing information about biological
systems. For example, to develop early
warning and surveillance systems for
biological threat agents, we may be
interested in rapidly identifying organ-
isms and pathogens, identifying geo-
graphic soil locations and background
microorganism content, or classifying
ecological microclimates. Research
includes large-scale epidemiological
simulation, genetic data analysis, and
ecological and environmental statistics.

Computational Statistics
Researchers in D-1 need computational
environments to do rapid prototyping of
new methods, particularly Markov chain
Monte Carlo (MCMC)-based methods. We
employ modern techniques from statis-
tics, computer science, and applied
mathematics in search of such environ-
ments. The complex problems we solve
often involve massive data sets with
characteristics (e.g., many dimensions,
nonhomogeneity) that make them diffi-
cult to tackle with traditional statistical
methods. These analytical methods are
computationally intensive and often
make use of visualization tools to help
understand the structure of large data
sets. Currently, we are developing an

Los Alamos National Laboratory
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extensible object-oriented system,
named YADAS, to help perform
these analyses.

Information Integration
Technology

Information integration technology (IIT)
is a framework of processes and method-
ologies used to combine and integrate
information from diverse sources to pro-
duce traceable, mathematically rigorous
assessments of system performance. The
framework is flexible (e.g., real data,
experimental data, results of computer
simulations, and expert opinion can all
be used) and supports a range of objec-
tives, from estimating reliability to deci-
sion-making under uncertainty. We cre-
ate qualitative representations of com-
plex systems and then, with the help of
automation tools, transform those into
quantitative, statistical models to pro-
duce full distributions, with uncertain-
ties, for performance metrics. We are
using IIT in collaboration with partners
from the weapons community, from
industry, and from the DoD.

Monte Carlo

Current D-1 research on Monte Carlo
methods is focused on the use of biasing
(i.e., importance sampling) techniques
to improve convergence in simulations
of time-dependent physical processes, as
conducted in Stochastic Simulation/
Monte Carlo Methods. Coupling this algo-
rithm with importance sampling has
been a part of the statistical physics
work in which configurations of a large
system are visited using MCMC.

Importance sampling is useful in
improving the mixing of the chain and
aids in reducing variability. Examples of
recent work include simulating physical
processes such as the movement of pol-
lutants, neutrons, or agents; rare event
simulation; and simulating from distri-
butions with widely separated peaks.

Reliability

Reliability analysis is the name given to
investigations into system performance
and availability and how they change
with time or with improved materials or
processes. It involves modeling systems
when objective test data are scarce or
nonexistent, as with one-of-a-kind ques-
tions. Determining optimal experimental
design is often part of the analysis. We
analyze information that may come from
real-world data, expert opinion, compu-
tational models, and physical experi-
ments and attempt to understand the
relationship between system test condi-
tions and performance. We apply relia-
bility analysis to problems in industry,
defense, and other government agencies.
We use many techniques, such as hierar-
chical Bayes models, Poisson processes,
and MCMC.

Statistical Population
Bounding

The basic population bounding problem
is to determine bounds that contain a
desired fraction of a population.
Whereas confidence limits bound the
mean with a specified level of confi-
dence and prediction limits bound indi-
vidual predicted points, tolerance

Los Alamos National Laboratory

bounds contain a specified proportion of
a population with a desired confidence.
In extensions from the basic problem,
we consider distributions as they age
over time, multiple populations, assess-
ment of measurement processes, and
bounds on probabilities. Examples of
areas where we have applied population
bounding include environmental expo-
sure, material properties, measurement
and production system variation, and
nondestructive measurement techniques.

Uncertainty Quantification

We support Laboratory certification
efforts by developing methods to quanti-
fy uncertainty in all aspects of stockpile
performance. We model and analyze
both physical data and results of com-
puter simulations. When analyzing the
results of computer models, we are
concerned with how far apart the actual
outcome and predicted outcomes are
likely to be at a specific point in light
of evidence at other specified points.
Methods developed and applied include
Bayesian (data combining) methods,
analysis of expert judgment, linear and
nonlinear modeling, multivariate
analysis, and analysis of variance com-
ponents. We apply these methods in a
variety of areas, from sampling issues
that arise in core surveillance to resolu-
tion of significant findings. M

POINT OF CONTACT
Sallie Keller-McNulty
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Stockpile Complex Modeling and Analysis

The Stockpile Complex Modeling and
Analysis Group, D-2, provides the
Laboratory with the unique and vital
ability to analyze complex problems and
plan integrated solutions in support of
our national security. D-2's mission is to
develop modeling tools, systematic
analyses, and integrated planning
options through the systems engineering
process to assist the Laboratory and the
nation in formulating well-informed and
timely decisions in transforming the
Weapons Stockpile and Nuclear Weapons
Complex; this mission is achieved using
the group’s analytical capabilities, and
its technical expertise and experience.

FOCUS AREAS

Non-nuclear Facility Planning
and Analysis

The Non-nuclear Facility Planning &
Analysis Team has extensive experience
in discrete event simulation modeling
and systems engineering. Within the
Laboratory, we have applied this work to
the high-power detonator production
facility expansion as well as to non-
nuclear component production. A model
of the Laboratory’s high-powered deto-
nator facility expansion guided DX
Division management in setting equip-
ment requirements and designing proce-
dures to transition into the expanded
facility. The team also completed a 3-D
model visualizing the hazardous materi-

als machining facility in the main shops.
Currently, we are developing 3-D models
of alternative material transport systems
being considered for the Lean Agile
Manufacturing Prototype System
(LAMPS) machining module.

Manufacturing

Capacity Analysis

Currently, the plutonium facility at Los
Alamos is the only facility in the NNSA
within the DOE complex that has the
capability to produce WR pits for the
nation’s nuclear weapons stockpile.

Los Alamos has developed, demonstrat-
ed, and currently maintains a viable
pit-manufacturing capability, albeit at a
relatively low production rate.

The Manufacturing Capacity Analysis
team is focused on obtaining a reason-
able pit fabrication capacity, given a
suite of assumptions regarding equip-
ment, project, infrastructure, and per-
sonnel. This study requires significant
collaboration with NMT, MSM, ESA, and
MST Divisions, as well as external
reviews by personnel from Lawrence
Livermore National Laboratory.

Stockpile-Complex

Decision Analysis

D-2 is leading the Laboratory’s effort to
provide defendable models, data, and
analyses to support the NNSA in defining
the transition to the nuclear weapons
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stockpile and nuclear weapons complex
of the future. The future nuclear
weapons stockpile will be smaller, more
robust, easier to certify, easier to manu-
facture and maintain, more versatile,
have higher surety, and lower life-cycle
cost. The nuclear deterrent of the future
will rely on a nuclear weapons complex
that is responsive to the needs of the
nuclear weapons stockpile in a rapidly
changing geopolitical environment, with
the ability to design, certify, and pro-
duce weapons in a much shorter time
frame than has been done in the past,
while being more efficient in terms of
cost, waste, safety, and security. This
transition will take place while providing
maintenance, surveillance, and other
support functions to the existing stock-
pile. D-2 is providing analyses through
its modeling and planning efforts that
enable Laboratory and NNSA manage-
ment to make informed decisions.

Lean Agile Manufacturing
Prototype System (LAMPS)

D-2 is leading the effort to design,
develop, and build a robust machining
module that will incorporate industry
standard technologies and business prac-
tices, as well as eliminate the generation
of mixed waste from the machining
module. Technologies of interest include
machining, contour inspection, welding
and joining, cleaning, radiography, den-
sity measurement and nondestructive
weld inspection. Equipment will be
selected for use in LAMPS through a
well-structured, stage-gate process using
process requirements.

Manufacturing Systems
Modeling & Analysis

The Manufacturing Systems Modeling &
Analysis Team uses a combination of
modeling, simulation, and analytical
tools to perform a systematic, detailed
analysis of several types of manufactur-
ing systems including factories, recov-
ery/refining operations, and assembly
operations.

The information gleaned from the
data acquisition process can be incorpo-
rated into a variety system
modeling/simulation tools. The team
runs the simulation to determine obvi-
ous bottlenecks and other nascent sys-
tem features, and to validate the tool
and data. Modification and database-
refinement processes are repeated until
there is the level of precision necessary
to complete the systems analysis to the
satisfaction of the customer.

The models provide comparisons
between the different technologies for
the LAMPS and the Modern Pit Facility
Project, and establish data to guide
technology and module development.
The potential impact of a given technol-
ogy can be tested in the manufacturing
environment (assuming there is best
estimated performance criteria) to deter-
mine the productivity, cost, or safety
performance of the modeled technology.
This approach determines which projects
have high-impact potential and then
directs the technology development
resources to those projects.

Los Alamos National Laboratory

Project Risk

The D-2 group’s Project Risk Team devel-
oped a comprehensive systems-based
project risk analysis methodology and
has applied it to more than twenty
major projects.

A typical risk analysis produces cumu-
lative probability distribution functions
that describe the confidence levels for
achieving a desired result for a given
project. Performance measures and rank-
ings of the project performance are used
to measure sensitivities to various per-
turbations or inputs. D-2's analyses
identify the most important contributors
to risk, and hence, the most promising
candidates for mitigation actions.
Quantitative project risk analysis results
can also be used to provide a rational
basis for setting baseline schedules and
cost targets and for establishing appro-
priate contingencies for projects.

In addition to traditional risk analyses
of defined projects and programs, the
Project Risk Team is increasingly being
asked to assist in early program/project
definition and decision-making. This
type of systems engineering level work
is a natural adjunct to our more tradi-
tional risk analysis work and involves
many of the same methods and tools,
but it often requires more rapid response
and thus yields less quantitative results.

Risk analysis results are currently
being applied to the following projects:
TA-18 Relocation, CMR Replacement
Project, W76-1 Life Extension Project,
Significant Finding Investigation
Projects, B61-Alt 357, HR cost analysis
for new hires, Red Network Project,
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DAHRT Mitigation Project, DAHRT
Second Axis, and Weapon System
Qualification Tests (subcritical experi-
ments, hydro, small/medium/large scale
experiments).

The Project Risk Team is also assisting
the Lab’s Enterprise Project (EP) Strategic
Planning Team with a risk-based prioriti-
zation of alternative path forward strate-
gies for EP implementation.

Megaports Program

The N Division Second-Line-0f-Defense
Program uses devices designed to detect
small amounts of SNM at seaports, ports
of entry, and airports. The Megaports
Program is a spin-off that targets major
transshipment sea ports. D-2 personnel
support this program by providing
expertise in locating and operating of
the Megaports instrumentation.

The objective is to detect any
SNM-bound for an American port, pro-
viding homeland defense officials with
time to interdict any such shipments
before they dock. W
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Systems Engineering and Integration

The Systems Engineering and Integration
Group, D-3, uses an interdisciplinary
approach to complex systems analysis in
the following programmatic areas: chem-
ical and biological defense and counter-
measures; nuclear weapons systems; and
nuclear energy systems, primarily in the
area of advanced fuel cycle technologies.
We develop the models, simulations, and
other requisite analytic tools necessary
to capture the complex relationships and
system-of-systems interdependencies of
the problems presented to us.

This end-to-end, system-of-systems
approach and operational perspective
distinguishes our work and creates the
unique niche for a demanding customer
set that includes the DoD and DHS oper-
ational communities.

Core competencies of D-3 include
nuclear weapon effects, software system
design and development, systems analy-
sis, systems integration, distributed
computation, strategic studies, and
fusion systems and fuel cycles.

FOCUS AREAS

Systems Analysis and
Integration for Homeland
Defense

D-3 supports the DHS, DTRA, NNSA, and
Environmental Protection Agency (EPA)
by providing systems analyses in the
areas of chemical and biological counter-
measures (BioWatch, BioNet, the Water

Security Demonstration Project, and
associated programs) and radiological
countermeasures. D-3 also provides sys-
tems integration expertise for multilayer
systems-of-systems for homeland securi-
ty including the BASIS, BioWatch, and
Unconventional Nuclear Warfare Defense
(UNWD) projects. In 2004,

the BASIS team supported three high-
profile deployments at national security
special events. The system was deployed
at the G-8 Summit at Sea Island,
Georgia; the Democratic National
Convention in Boston; and the
Republican National Convention in New
York City.

Systems Analysis,
Engineering, and Code
Development for Nuclear
Weapons Applications

D-3 supports NNSA and the DTRA by pro-
viding systems analyses and engineering
for stockpile stewardship and advanced
concepts weapons systems such as

the Advanced Concepts Technology
Development (ACTD) and Tunnel Target
Defeat (TTD).

Systems Analysis and
Modeling for Chemical/
Biological Detection

D-3 supports the DHS, DARPA, DTRA,
and EPA by providing tools and support
for dealing with airborne chemical,

Los Alamos National Laboratory
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biological, and/or radiological releases.
These tools include a building-aware fast
response urban dispersion model (QUIC),
bio collector siting models (BioWatch
Sensor Siting & QUIC Sensor Siting), an
event reconstruction model (BioWatch
ER), and urban databases.

Systems Analysis and Code
Development for Nuclear Fuel
Cycle Applications

D-3 provides systems analyses and simu-
lation code development in support of
the Advanced Fuel Cycle program and
the fundamental science of transmuta-
tion of nuclear waste.

Nuclear Weapons Studies
Requirements and Analysis
Under the broad category of nuclear
weapons studies, institutional analyses
are performed to support the formula-
tion of several Laboratory positions
including stockpile planning, advanced
concepts analysis, and weapons require-
ments. Weapons studies have addressed
a broad range of nuclear weapons con-
cerns ranging from estimating stockpile
size in a START III environment and tri-
tium requirements over the next 20
years, to plutonium-pit production in
the twenty-first century and integrated
security and use control risk assess-
ments, to weapons effects analysis and
lectures on the history of the weapons
programs for the Laboratory’s Theoretical
Institute of Thermonuclear and Nuclear
Studies (TITANS).

Maintaining a broad-based nuclear
weapons analysis capability is critical to

identifying the pressing issues and mak-
ing recommendations to the decision
makers who are guiding the weapons
programs. Current projects utilizing this
capability are the robust nuclear Earth
penetrator (RNEP) advanced concepts
feasibility study, reliability replacement
warhead planning, Earth penetrator
weapons effectiveness tools develop-
ment, and long-term nuclear weapons
strategy and technology studies. W
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Energy and Infrastructure Analysis

The Energy and Infrastructure Analysis
Group (D-4) performs basic and applied
research to secure the nation’s energy
infrastructure. Central to this research is
the development of computer models of
energy industries and other infrastruc-
tures. Group members work closely with
physicists, engineers, mathematicians,
statisticians, computer scientists, and
economists to develop large-scale,
detailed models of energy industries and
infrastructures. Our macromodels and
microsimulations quantify the physical,
operational, and economic behavior of
energy networks including the genera-
tion, transmission, and distribution of
electric power, natural gas, oil, and coal,
as well as nonenergy infrastructures
important to energy security. Often
these models are combined within inter-
dependency, optimization, and risk
assessment frameworks.

Our current research activities include
developing and testing new technologies
for the next generation of electrical
grids. These new technologies must be
integrated into a complete infrastructure
architecture that includes hardware
solutions as well as modeling, simula-
tion, and data analysis. The new pro-
grams supporting the next-generation
electrical grid must sense the health of
the grid and input this data into the
models. D-4 also participates through a
steering group that includes Sandia and

Argonne National Laboratories. The first
EITAC visualization capabilities were Los
Alamos products.

The core competencies of D-4 include
infrastructure modeling, simulation, and
analyses; economic and financial analy-
ses; and environmental, energy systems,
and transportation systems analyses.

FOCUS AREAS

Economics Team

The D-4 Economics Team provides eco-
nomic expertise in two primary areas:
economics for institutional analysis and
models for inclusion in simulations. The
institutional analysis provides informa-
tion to Laboratory management on the
economic aspects of proposed actions.
Economic considerations underlie a sig-
nificant number of the decisions made
in areas such as energy, transportation,
and communications. To adequately sim-
ulate the characteristics of these sectors,
we must include economic considera-
tions in the simulation.

Institutional analysis at Los Alamos
encompasses an eclectic collection of
projects and analysis techniques.
Economists use general equilibrium mod-
els, regression statistics, data mining,
and linear programming, among other
methods, to complete commissioned
analyses. Project areas include macroeco-
nomic modeling, monetary and financial
flows analysis, natural resource and
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energy economics, environmental analy-
sis, and engineering economics.

The economics team continues to pro-
vide economic analysis for the facility
upgrades and the restructuring described
in the Lab’s new facilities plan.

Data Management and
Information Systems

The Data Management and Information
Systems Team provides the national
infrastructure and network data used in
the NISAC simulations and for DoD, DHS,
and DOE programs outside the
Laboratory. Network data from this pro-
gram provided the real transportation
data for TRANSIMS, created the needed
data source for Clean Coal Technologies
Demonstration Program, and provides
the source data for the Division’s many
types of simulations and analyses.

The transportation simulator
TRANSIMS uses data to define various
road networks. Planners then use this
information to evaluate transportation
scenarios, including emergency evacua-
tion plans, for cities. Using TRANSIMS
we developed road network models for
Dallas/Ft. Worth, Portland, Houston,
and Chicago. Research is underway on
methods to streamline the TRANSIMS
process to improve the generation of
road networks.

The Clean Coal Technology
Demonstration Program is a unique part-
nership between the DOE and industry.
Its primary goal is to successfully
demonstrate a new generation of
advanced coal-based technologies, with
the most promising technologies moving

into the domestic and international mar-
ketplace. The demonstrations are at a
scale large enough to generate the data
users need to make judgments about

the commercial viability of a particular
process. These demonstrations will
improve the global environment and
energy security through the use of
technologies and services provided by
U.S. industry.

Visualization Team

The D-4 Visualization Team is experi-
enced in many areas of scientific, geo-
graphic, statistical, and information
visualization. Using commercial tools
such as geographical information sys-
tems (GIS), mathematical analysis tools,
simulation systems with graphical or
visual front ends, and also custom-devel-
oped software, the team helps analysts,
simulation scientists, and planners
understand, share, and present their
data more effectively.

The team also operates the D Division
Visualization Laboratory, which offers
high-performance graphics processors; a
range of visualization and graphics
tools; a large-screen, stereo-enabled pro-
jection environment; quadraphonic
sound; and some motion tracking for
virtual reality applications.

The Visualization Team collaborates
with other laboratories, industry, and
academia to research advanced perceptu-
alization, which includes a sense of
“presence” or “immersion “ and the use
of richer cognitive models, beyond
merely geometric or psychometric, in a
readily understandable format.

Los Alamos National Laboratory

Network Analysis Team
The D-4 Network Analysis Team handles
analytics tasks related to characterizing
network performance, including a
diverse set of infrastructures such as
electric, gas, pipeline, telecommunica-
tions, and transportation networks.
Analyses focus primarily on normal or
off-normal conditions arising within
each regional or local network. Site-spe-
cific analysis can also include service
and outage area estimates, as well as
estimates of outage duration based upon
component criticality considerations.
Appropriate interpretations of system-
level metrics that result in degradations
to commercial delivery capability and to
varying system considerations through-
out a typical year are reviewed. Network
analysis often includes three compo-
nents: regional system, local opera-
tional, and on-site. The analyses use
both quantitative and qualitative
processes. Electric networks are analyzed
to identify transmission/subtransmission
lines that are critical for power transfer
and subtransmission system configura-
tion. The analysis can be extended to
other considerations, including the
availability of generation units for local
system demand and voltage stability.
Results from our network analysis
efforts assist decision makers in the
areas of policy analysis, investment and
mitigation planning, education and
training planning, vulnerability and crit-
icality assessments, consequence man-
agement, and real-time crisis assistance.

Decision Applications Division

Software Systems Team

The Software Systems Team, along with
the Mathematical Modeling Team, is
developing the Interdependent Energy
Infrastructure Simulation System
(IEISS). IEISS simulates the physical and
operational behavior of interdependent
energy infrastructures during incidents
and disruptions. It can identify and rank
critical components across energy infra-
structures, estimate outages, and quan-
tify feedback.

The tool’s primary advantage is its
ability to model the interdependencies
between energy networks and to identi-
fy how a system'’s particular physical
components behave during disturbances
and contribute to their severity. It also
assesses the potential for feedback
between energy transmission systems
(cascading failures). Using the tool, we
can examine thousands of possible sce-
narios quickly in order to pinpoint what
caused the most severe impacts. We can
also determine the geographic extent of
service outages, including which cus-
tomers are affected. W
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Nuclear Design and Risk Analysis

The Nuclear Design and Risk Analysis
Group (D-5), is a multidisciplinary team
of scientists and engineers. We provide
modeling and analysis capabilities to
design and evaluate the potential risks of
complex systems, with a focus on nuclear
systems. D-5 goes beyond just providing
an answer: we provide answers in context
of the overall decision process. We ensure
that decision makers have all available
knowledge to make an informed regula-
tory, design, or risk decision.

D-5 is a leader in reactor design for
government applications, including
space nuclear power. We are also a leader
in the analysis of risk of nuclear facili-
ties, nuclear reactors, and nuclear
weapons. D-5 employs a wide range of
tools, including state-of-the-art radia-
tion transport models, complex three-
dimensional thermal-hydraulic models,
combined experimental and modeling
capabilities, and state-of-the-art logic
modeling tools that encompass linguistic
and numeric data. D-5 can provide
answers to a broad range of questions
involving nuclear systems.

D-5's core competencies include
design and analysis of nuclear reactors,
thermal hydraulics, and computational
fluid mechanics; application of radiation
transport codes (MCNPX); probabilistic
risk and safety assessments; probabilistic
system and vulnerability modeling; facil-
ity safety analysis report development;

nuclear weapons studies; explosive safe-
ty, logic-evolved decision trees, and
decision analysis; and custom software
and engineering tool development.

FOCUS AREAS

Nuclear Safety & Regulatory
Analyses

D-5 supports several NRC-directed
research activities in the areas of safety
performance and regulatory issues
affecting the design and operation of
nuclear power plants. Recent studies
include a reliability assessment of an
Emergency Core Cooling System (ECCS)
during a loss of coolant accident (LOCA)
and a risk-informed requlation study to
quantify the risk significance of nuclear
power plant licensing amendments to
improve operation and/or cut unneces-
sary costs.

D-5 is working in conjunction with
the University of New Mexico on an
experimental program to examine the
long-term (30 days) chemical processes
occurring in post-LOCA containment
environment.

D-5 is also active in providing 10 CFR
830-based safety analysis for the
Laboratory and other NNSA-regulated
nuclear facilities. Facilities and projects
that D-5 is active involved with include

TA-55 Safety Analysis Report
New CMR building design

Los Alamos National Laboratory
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TA-18 Critical Assemblies Facility
Safety Analysis

TA-18 early move of SNM

Device Assembly Facility (DAF)
critical assemblies facility design

Code Development

D-5 developed and maintains the
Transient Reactor Analysis Code (TRAC).
This powerful system-level analytical
tool has multiple applications to com-
plex systems, including nuclear power
plants, experimental facilities, and space
reactors. TRAC also is a best-estimate
tool to predict complex system response
to off-normal events. D-5 is also assist-
ing the NRC as it begins the licensing
activities associated with new reactor
designs and other advanced systems.

Risk-Based Decision Support
D-5's core capabilities include qualitative
and quantitative economic analysis, risk
analysis, and decision support for a wide
crosssection of Laboratory projects and
programs. Recent and ongoing activities
of this type include
planning and analysis support for
the Laboratory’s enterprise business
systems development project
extensive systems analysis and
management systems support for
the Laboratory’s COMPASS
(resumption) project.
Lab G&A budget prioritization
Welch salary analysis
contingent workforce analysis
worker replacement cost analysis
Tri-Lab security technology
initiative

One of D-5's most significant growth
areas is the application of logic-evolved
decision trees to vulnerability assess-
ment and information loss. This method-
ology continues to find increased
acceptance in the security community.
The growth in the area of probabilistic
system and vulnerability modeling is
driven mostly by the events of
September 11, 2001.

Small Reactors

D-5 has a dedicated team of engineers
focused on the development of space fis-
sion reactors. This team has developed
several innovative reactor concepts,
including a compact, robust, and highly
safe reactor that is cooled by heat pipes.
Several prototype units of the heat pipe-
cooled reactor have been built and test-
ed successfully by D-5 and the NASA.
NASA intends to use this reactor to
enable ambitious, electrical power-rich
exploration anywhere in our solar sys-
tem.

Weapons Safety

D-5s work in the area of stockpile stew-
ardship supports the Laboratory’s mis-
sion to reduce the danger of nuclear
mishaps. Our expertise in this area is
focused on designing safety into nuclear
weapons production and maintenance
processes, conducting nuclear explosive
risk and damage assessments, and evalu-
ating the safety of testing programs
related to nuclear weapons. In addition,
we have developed custom software to
be used in these assessments.

Los Alamos National Laboratory
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Department of Defense Program Office

The Department of Defense Programs
Office (D-DoD) is part of the D Division
organization and is responsible for the
planning and Laboratory-wide integra-
tion of DoD non-nuclear weapons
defense programs. The office strives to
enhance the DoD programs portfolio
through effective communications and
interactions with DoD sponsors, opportu-
nity assessments, program development,
integrating Laboratory-wide efforts,
contributing to strategic planning,
aiding with Los Alamos proposal
development, and supervising DoD pro-
grams execution.

The DoD Program Office goal is to
support the Laboratory, the Threat
Reduction Directorate, and D Division
strategic plans and to apply the
Laboratory’s expertise to the broad spec-
trum of military technological needs.

FOCUS AREAS

Conventional Weapons
Technologies

The conventional weapons technologies
area exploits and enhances the core
strengths of the Laboratory in conven-
tional munitions, high explosives and
energetic materials, advanced warheads,
and lethality and survivability. The
Laboratory is developing new energetic
materials that perform as well as today’s
best materials, but have improved prop-
erties, including safety. As part of this

work, Laboratory researchers are devel-
oping new models to predict quantita-
tively how explosives will behave in
abnormal environments such as accidents
or fires. The Lab continues to work on
initiation systems based on exploding
foil technologies to provide design flexi-
bility, enhance weapons safety, and
lower production costs. The Laboratory is
also implementing major improvements
in computer codes to simulate the
behavior of weapons systems and subsys-
tems. Researchers are investigating new,
physics-based computations of material
behavior to significantly improve our
ability to predict explosives effects.

Defense Advanced Concepts
Defense advanced concepts programs are
often relatively small efforts to develop
or understand technologies and to focus
them on specialized DoD applications.
Optimally, a successful concept grows
into a major program. Presently, Los
Alamos is developing high-power
microwave technology with several
potential applications. Lab scientists are
also working on biomimetic computing
and understanding eye-brain function
These projects should lead to advanced
detection systems that emulate how
humans “see.” The Lab is also working
on concepts for detecting and even
defeating enemy underground facilities.

Los Alamos National Laboratory
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Defense Sensor Technologies
Defense sensor technologies work is
focused on developing sensors for treaty
verification, space-based surveillance,
satellite protection, and the battlefield.
Los Alamos is supporting the Air Force
in detecting nuclear explosions, primari-
ly using detectors (W-sensors) integrated
into Air Force satellites orbiting Earth.
This support includes developing and
maintaining specialized software and
models for assessing radio sensor per-
formance and radio signal propagation
through Earth’s ionosphere, on-orbit
sensor testing, and systems and data
analysis. These, and other, sensors are
also used to study “space weather,”
allowing us to understand satellite per-
formance and reliability. Los Alamos has
also developed an ultrasonic device to
nonintrusively detect chemicals in vari-
ous containers such as artillery shells
and 55-gallon drums for treaty verifica-
tion and counterproliferation programs.

High-Performance Computing
The Laboratory’s high-performance com-
puting initiatives are developing a com-
puting environment that enables the
solution of large-scale, complex problems
for both defense and dual-use applica-
tions. Los Alamos is working with IBM
on a project to develop a new generation
of high-performance computing. There is
also a large effort to develop and use
reconfigurable computers for intelligent
sensors as well as for large “main-frame”
computation.

Modeling, Simulation, and
Analysis Applications

DoD synthetic environments are virtual
representations of the physical and
behavioral phenomena of complex mili-
tary systems that are achieved through
mathematical modeling and simulation.
These environments are used for training
(eliminating the costs of thousands of
troops, planes, and ships in the field)
and for testing novel war fighting
strategies and tactics against new
threats or using new weapons and infor-
mation. Los Alamos is working on tools
for this training and analysis regime.
There is also a need to simulate complex
infrastructures, such as the entire power
grid, to determine vulnerabilities or
even efficient points of attack that
could shut down enemy command and
control. We have several projects in the
area of understanding infrastructures.
Additionally, using complex agent-based
and statistical models, we can under-
stand and predict some human behavior.
Based on these concepts, Los Alamos
developed a model and simulation of
terrorist networks and how they might
respond to different stresses.

Directed Energy

There are numerous needs within the
DoD for directed-energy systems, ranging
from man-portable to large missile sys-
tems. Los Alamos is currently working
with the U.S. Navy on free-electron laser
technology, for potential installation on
warships. This technology has the
potential to rapidly destroy attacking
missiles. We are also working on con-

Los Alamos National Laboratory

cepts for making high-powered, directed
microwave systems much smaller and
more useful.

System Performance and
Reliability

Major weapons systems often cannot be
tested or even designed without extreme
costs or potential of destruction.

Los Alamos is designing statistical tools
to allow prediction of the overall system
behavior using data from limited subsys-
tem testing and from computational
models. These statistical tools allow
designers to understand failure points
and then focus design efforts on these
points, which allows repair or replace-
ment of parts when they actually
become worn rather than on a
maintenance schedule. This approach
vastly improves reliability as well as
cutting costs.

Chemical, Nuclear, and
Radiological Defense
Advanced technologies that provide
defenses and responses to WMDs are a
major focus area for DoD programs.
Traditionally, the quartet of chemical-
biological-nuclear-radiological threats
defines WMDs. The chemical-nuclear-
radiological systems characteristically
have close technical ties to nuclear
weapons and conventional munitions
activities and are part of the DoD
programs. The biological section of the
Center for Homeland Security handles
biological threats. DoD has programs to
detect hidden nuclear devices and to
understand the systems and require-

Decision Applications Division

ments to emplace position detectors
for maximum efficiency. We are also
starting a major program to develop
technology and operational methods to
decontaminate affected areas after a
radiological attack.

Missile Defense

The DoD has identified missile defense
as a major element in the ongoing force
transition ordered in response to
changes in the international threat since
the end of the Cold War. These changes
predicate a need for a more dispersed
and faster responding defense net. Qur
DoD missile defense projects are provid-
ing the research and development for
advanced missile defense systems that
will meet the challenging performance
requirements inherent in responding to
increased global threats.

Military Space Applications
Los Alamos’ experience in developing
and building small satellites and instru-
ments for satellites puts us in position
to aid in many military problems in
space. Current research includes develop-
ing sensors and data analysis to give
real-time, battle theater information and
systems to measure and understand
threats to the United States’ complex,
existing satellite network.
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Statistical Design of Experiments

tatistical Design of Experiments

provides techniques for efficient

allocation of resources to different
sets of experimental conditions. In the
discrete case, as the number of variables
and the number of possible levels of a
variable increase, the set of all possible
experiments can become very large.
In the continuous case, there may be
infinite possible combinations of input
values. Using statistical methods for
design of experiments, sets of input val-
ues are selected from the set of all pos-
sible runs to obtain desired information.

These methods may be used for either
physical experiments or computational
experiments using computer models.

In physical experiments, repeated meas-
urements will yield varying values result-
ing from random variation in the sample
units and the measurement process.
Often, physical restrictions inherent in
the data collection process impact the
choice of an appropriate design. In com-
puter experiments, codes may be either
deterministic, resulting in a unique
value for any given set of inputs; or sto-
chastic, with variability in the outputs
arising from a random process designed
into the computer code.

Physical experiments have been
designed for plutonium metallurgy
experiments, for material compatibility
experiments, and for experiments to
evaluate alternative formulations of

replacement materials. Computer experi-
ments have been used to evaluate out-
put from weapon physics codes, to quan-
tify weapons component and system
reliability, to investigate airborne dis-
persals, and to examine alternative man-
ufacturing configurations.

Although many standard experimental
plans are available, innovative design
modifications and development of new
design approaches are often required for
specific applications. Development of
criteria for comparing alternative
designs is another area of active
research. D-1's expertise in experimental
design includes individuals working on a
diverse set of statistical methods and
applications. H
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Knowledge Discovery

Knowledge Discovery

o0 better protect Americans at
T home and abroad, there is an ever-
increasing need to find actionable

intelligence from multiple data sources.
Specifically, we need to integrate data
from a large number of diverse sources
and deliver it to the people who need it
in a timely fashion. D-1's Knowledge
Discovery projects are developing the
methods and tools to support this need.

In cooperation with defense, intelli-
gence, and homeland security sponsors,
we are developing software systems to
span the full Knowledge Discovery
Pyramid. The bottom of this pyramid
represents the vast amounts data that
must be mined and modeled for pat-
terns, trends, etc. The center of the
pyramid shows the integration of results
from multiple diverse data sources, lead-
ing to formulation of quantified threat
hypotheses and situations. The top of
the pyramid represents the dissemina-
tion of actionable intelligence to users
in a collaborative manner. On the left-
hand side of the pyramid, from top to
bottom, evidence marshaling defines
methods for gathering the data and
information most relevant to further
understanding of the threats at hand.

The methods we are developing are
probabilistic in nature as represented by
the Bayesian network figure. These
networks integrate diverse types of evi-
dence into quantified threats such as

the existence and type of weapons of
mass destruction and their location.
Evidence marshaling supports subse-
quent tasking of assets such as airplanes
or satellites to gather more evidence to
further refine threat quantification
estimates. Optimization techniques are
employed in marshaling to support
usage of assets in a more effective
manner than is typically done today.

With the methods and tools we are
developing, we are able to provide a
greater level of situational awareness to
decision makers, thus enabling better
resource management of data collection
and providing the ability to share data
and information across decision makers.
This success has been borne out through
delivery of demonstration systems for
the defense and intelligence agencies.
|
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System Modeling for Statistical Analysis

ver the past several decades, the

ability to build and deploy sys-

tems exhibiting behavioral and
dynamic complexity has greatly
increased. This increase in engineering
and operational complexity has out-
stripped the ability of those involved
with system reliability and design confi-
dence methods to ensure that models
describing the statistical performance
are verifiably traceable to engineering
system descriptions, integrate all avail-
able data (both quantitative and qualita-
tive), and describe dynamics accurately.

The Graphic Representation Ontology
Modeling Inference Tool (GROMIT) is part
of a broad research effort by the
Statistical Sciences (D-1) group to
improve complex systems modeling and
analysis for a broad set of “forensics”
purposes. This software tool is designed
to provide users with three main capa-
bilities:

1. System Logic Description: GROMIT
provides tools to describe the entities
and dynamic relationships that make up
a system. It supports graphical modeling
of the system and also maintains an
underlying formal representation that
allows the user to keep track of entities
and relationships and ensure they are
logically consistent throughout the
model. These representations are called
“logic networks.” Logic networks sup-
port systems ethnography in the broad-

est sense, by enabling the analyst to
capture and reconcile the different
hypotheses that he or she collects about
the system. These hypotheses may be
quantitative or qualitative in nature.
This last point is particularly impor-
tant—as system design efforts become
scattered between different teams,
statistical modeling often requires an
understanding of subsystem relation-
ships different from that needed for sys-
tem engineering or integration efforts.

2. System Dependency Behavior
Modeling: GROMIT enables the user to
specify a set of possible states for each
entity or channel (relationship) in the
model and to specify rules for how those
states change in response to inputs from
other entities or channels. The user can
observe how the effects of a change at
one point propagate throughout the col-
lection of logic networks associated with
the system. The user can also describe
various system activity modes in terms
of the states of individual entities and
channels. These functions can support
the development of statistical models.

3. System Inference Structure
Derivation: Based on the system
description and behavioral rules, GROMIT
can calculate all the possible combina-
tions of failures that could lead to a par-
ticular observed system outcome. In
essence, a GROMIT model serves as a
database describing a huge set of

Los Alamos National Laboratory

System Modeling for Statistical Analysis

“query-able” failure effect analysis mod-
els. Users can experiment with how
adding additional data collection points
changes the number of possible “cut-
sets” relating to a wide set of dynamic
fault-tree-like structures. This capability
is useful for system forensics as well as
for supporting statistical analysis of fail-
ure scenarios. GROMIT (when completed)
will then semi-automatically pass these
cut-sets into the D-1-developed infer-
ence package YADAS.

GROMIT provides the capabilities
described above through a multilayer
system representation interface.

This layered interface means that novice
users or those who are interested only
in qualitative description can start

Decision Applications Division

building models quickly, while higher-
level logical and inference capabilities
can be accessed as increased system
information becomes available. This fea-
ture also makes GROMIT suited for serial
development of reliability models along
with the system design process. W
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Genetic Data Analysis

Genetic Data Analysis

‘s genetic data analysis
D -1 research involves manag-

ing and analyzing infor-
mation from biological systems. Our
work with amplified fragment length
polymorphisms (AFLP) is an example.
AFLP produce an inventory of fragments
that are repeatable because of DNA cut-
ters that work at specific sites. This
inventory generates a fragment distribu-
tion that, in turn, yields a “fingerprint”
specific to each organism.

In collaboration with scientists from B
Division, we create models of the data
and perform statistical/computation
base analyses of AFLP data. The analysis
allows us to classify and identify biologi-
cal organisms of interest, including
organisms that are biological weapons
or, more importantly, are similar to bio-
logical weapons. For example, a recently
analyzed deadly human pathogen had
the virulence genes from Bacillus
anthracis (the bacterium that causes
anthrax), but was classified as a Bacillus
cereus instead of a Bacillus anthracis.
The AFLP analysis showed this sample to
be similar to other Bacillus anthracis
strains, but not identical. Other specific
tests for Bacillus anthracis were nega-
tive. The AFLP analysis, which is a more
general test that looks at more of a
microorganism’s genome, has been
shown to be more adept at classifying

these sorts of “near neighbors” than
other more specific tests.

Other issues we are addressing include
the use of replicates in analyses.
Replicates are traditionally not used in
genome fragment studies, but we were
able to computerize the analysis and
greatly reduce the reliance on a human
expert. Replicates allow us to better
address the incorporation of uncertainty
into the results and data integration
(the combination of information from
controlled experiments with other obser-
vational data or expert opinion).

Applications of genome fragment
analyses, of which AFLP analysis is one
type, include rapid identification of
organisms and pathogens, identification
of geographical soil locations, classifica-
tion of ecological microclimates, devel-
opment of “background” soil and air
microorganism content, and early warn-
ing systems and surveillance for biologi-
cal threat agents. W
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Lean Agile Manufacturing Prototype System (LAMPS)

hile Los Alamos National

Laboratory demonstrated the

capability to fabricate a
WR-quality pit in 2004, much work
needs to be done to develop a robust
manufacturing system. The current tech-
nology baseline used at LANL to fabri-
cate pits requires using obsolete equip-
ment, relies on outdated business prac-
tices, and generates mixed waste. Using
obsolete equipment leads to many
potential single-point failures in the
manufacturing flow sheet. Outdated
business practices produce an inefficient
manufacturing process by requiring
operators to spend time on ancillary
activities, not production operations.
Lastly, generating mixed waste requires
LANL to undergo a costly and time-con-
suming permitting process.

D-2 is leading the effort to design,
develop, and build a robust machining
module. The Lean Agile Manufacturing
Prototype System (LAMPS) will incorpo-
rate industry standard technologies and
business practices, as well as eliminate
the generation of mixed waste from the
machining module. Technologies of
interest include machining, contour
inspection, welding and joining, clean-
ing, radiography, density measurement,
and nondestructive weld inspection.
Equipment will be selected for use in
LAMPS through a well-structured stage-
gate process using process requirements.

These requirements will include:
Ability to meet customer specifica-
tions for plutonium parts in a glove
box environment;
Using industry standard technolo-
gies or off-the-shelf equipment
with minimal modifications;
Anticipated future vendor support;
Lifecycle cost from installation,
through maintenance, ending with
disposal;
Ability to incorporate multiple
processes in one work center. e.g.
placing cleaning equipment in the
machining glove box;
Minimizing rejected parts as well as
minimizing plutonium that must be
recycled or repurified; and
Eliminate generation of mixed
waste.

Discussions with operating personnel,
as well as data generated by D-2's mod-
eling efforts, show that a large amount
of time is spent on ancillary activities.
As part of a modern machining module,
D-2 staff will select and demonstrate
real time tracking of special nuclear
material (SNM) (e.g., using RF tags and
gamma detectors) and paperless data
collection in a transport system using
multiple carts. Also, as part of the
established business practices, D-2 staff
will develop a methodology for replacing
obsolete technologies and/or equipment.

Los Alamos National Laboratory

At the successful conclusion of this
project, the result will be a robust

machining module that will be able to

fabricate WR pits for the foreseeable
future. W
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Manufacturing Capacity Analysis

Manufacturing Capacity Analysis

urrently, Los Alamos is the only
C facility within the DOE complex

that is capable of producing WR
pits for the nation's nuclear weapons
stockpile. Through the Pit Manufacturing
Project, Los Alamos developed, demon-
strated, and maintains a viable pit-man-
ufacturing capability, albeit at a rela-
tively low production rate. Los Alamos’
efforts on the pit-manufacturing project
have re-established our nation's ability
to produce pits to quality specifications.

Now that Los Alamos can manufacture
WR-quality pits, the next step is to
develop a robust, reliable, and proven
manufacturing capability that can be
easily staged into a full-scale operation.
The original pit manufacturing flow
sheet was based on the processes sup-
ported at the Rocky Flats Plants in the
late 1980s, and it employed obsolete
equipment with several single-point-fail-
ure modes. The Pit Manufacturing Project
is in the process of mitigating single-
point vulnerabilities in the FY2005-07
timeframe and, in so doing, will demon-
strate a more robust, although still lim-
ited, pit-manufacturing mission.
Although the Laboratory has per-

formed a number of studies to determine
LANL's capacity for producing WR pits,
these studies have generally focused on
different components of the pit fabrica-
tion process or on pit fabrication
requirements and were usually performed

to obtain equipment requirements. Until
now, no study has attempted to system-
atically integrate the quantitative
process data with the more qualitative
data regarding the operating constraints,
such as other personnel duties, process
storage constraints, etc., to obtain an
overall reasonable pit capacity.

This study’s major contribution is to
include the above-mentioned constraints
in the analysis, improving the accuracy
of the capacity estimates relative to the
actual fabrication capacity that is rea-
sonably achievable instead of focusing
on the theoretical capacity that could
possibly be attained, given a suite of
fabrication equipment. Additionally, the
study incorporates a suite of assump-
tions including what equipment is in
place as a function of time, what proj-
ects are implemented to support the
manufacturing infrastructure, and what
personnel are available.

We anticipate that this model, vali-
dated to current facility constraints, will
be used to project pit-manufacturing
rates, as well as to identify production
and logistics-based bottlenecks that the
project should address. This study
requires significant collaboration with
NMT, MSM, ESA, and MST Divisions, as
well as external reviews by personnel
from Lawrence Livermore National
Laboratory. W
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Nuclear Fuel Cycle Simulation (NFCSim)

participation in the
Advanced Fuel Cycle
Initiative (AFCI) program
has driven the development of the
Nuclear Fuel Cycle Simulation (NFCSim)
codes. NECSim is an event-driven, fully
time-dependent simulation code that
models the flow of materials through the
nuclear fuel cycle (NFC). NFCSim tracks
mass flow, as shown in the figure, at the
level of discrete reactor fuel charges/dis-
charges with arbitrarily fine time resolu-
tion, logging the history of nuclear
material (i.e., location, residence time,
mass, isotopic composition, heating rate,
and toxicity) as it progresses through a
detailed series of processes and facilities.
The model internally generates life-
cycle material balances for an arbitrary
number of reactors and includes a
process cost database. The salient fea-
tures inherent to each process or facility
are also simulated. For example, the
burning of fuel is simulated with
approximate burnup calculations tailored
to the time-varying characteristics of
the specific reactor and batch. Nuclear
decay of spent nuclear fuel (SNF) is also
simulated, as is any chemical processing
associated with recycling SNF. NFCSim
can also simulate an arbitrary number of
reactors and associated facilities. The
model’s reactor and fuel cycle modeling
capabilities include light-water-reactor-
oriented fuel cycles with the option of

actinide recycling and a suite of fast
reactors or accelerator driven systems for
closure of the nuclear fuel cycle. A
demand function for nuclear energy can
be specified and NFCSim deploys new
facilities as needed, subject to additional
exogenously specified constraints such
as limitations on the capacity of repro-
cessing facilities. Using a database of
the current U.S. nuclear infrastructure
(mines, conversion, fabrication, and
enrichment plants) as the point of
departure, NECSim determines the time-
dependent demand for these services. As
such, NFCSim is an ideal tool for analyz-
ing the economics, sustainability, impact
on repositories (mass, heat load,
radiotoxicity), and proliferation resist-
ance of non-equilibrium, interacting, or
evolving reactor fleets.

Recently International Atomic Energy
Agency Director General Mohamed
ElBaradei proposed a regional nuclear
economy model in which consumer states
would operate nuclear reactors construct-
ed and fueled by producer states.
President Bush endorsed this proposal,
taking it one step further by suggesting
that the producer states be restricted to
those states that already have the
nuclear infrastructure for fabricating and
reprocessing fuel. Such a nuclear econo-
my would result in a large volume of
nuclear materials transported globally.
NECSim is an ideal tool to analyze the

Los Alamos National Laboratory

Nuclear Fuel Cycle Simulation (NFCSim)
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risks inherent with such nuclear traffic.
The NEFCSim tool can provide the Global
Threat Reduction Initiative which is over-
seen by the DOE's Office of Global Threat
Reduction (NA-21), with the type of
analyses that could reduce the long-term
threats associated with a global nuclear
economy, as proposed by ElBaradei and
endorsed by Bush.
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The AFCI team developed the NFCSim
code and successfully benchmarked it
against the French Atomic Energy
Commission code, COSI. The team also
presented the first results at GLOBAL 03
in November of 2003. We released
Version 3.0 of the code to Argonne
National Laboratory, Sandia National
Laboratory, Idaho National Laboratory




Nuclear Fuel Cycle Simulation (NFCSim)

(INL), and FZK Karlsruhe in FY04.

We released Version 3.5, which has a
graphical user interface (GUI) to facili-
tate easier data entry, to Royal Institute
of Technology, Stockholm, Sweden,

in FYO05.

NECSim project collaborators are
Argone National Laboratory, Brookhaven
National Laboratory, Idaho National
Laboratory, Lawrence Livermore
National Laboratory, Oakridge National
Laboratory, and Sandia National
Laboratory. W
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The Analyst's Work Station

he BioNet program is testing tech-
T nologies for the next generation of
biological-threat detection pro-

grams. In support of the program, The
Systems Engineering and Integration
group (D-3) is developing the Analyst's
Work Station (AWS) as an integrating,
analytical software tool. The ultimate
goal of the AWS is to provide decision
makers with a comprehensive tool to
answer multivariate questions such as
the optimal number and configuration
of biodetection units for cities.
Optimality in this case encompasses a
number of factors, including population
coverage, probability of detection, and
cost of the system. The AWS will provide
a framework for such complex analysis.

Our internal goal was to create a pro-
totype tool rapidly, for low cost, build-
ing on the capabilities that already exist
within the Division. We used our previ-
ous experience with Geographical
Information System (GIS) databases,
reused the Biological Aerosol Sentry and
Information System (BASIS) software for
the software framework, and focused on
the rapid inclusion of applications
developed in other programs. We also
wanted a tool that can investigate
reach-back and grid computing
approaches to analysis.

We now have a prototype that we can
use to examine the hypothetical effects
of a biological aerosol attack on a popu-

lation and infrastructure. Using this
tool, we can optimize sensor locations to
reduce the chances of an undetected
release, to protect the largest possible
population, or both. Once sensors are
located, the routes used to service the
sensors can be optimized to balance the
work load and minimize the total time
spent servicing the sensors. Results from
the analysis tools can be moved to the
map to aid in visualizing the analysis. In
addition, biological aerosol releases can
be simulated and visualized to aid in
training decision makers. Simulations
can be scripted in a text editor, or,
alternatively, manually placed sensors,
locations, routes, etc., can be added to
the map, and then sent to the script
editor for saving in a script file.

The Environmental Protection Agency
provided us with cost data from the
BioWatch program. We are analyzing
that data to develop a cost and budget-
ing tool for inclusion in the prototype.
We are investigating two different
approaches to move to a true GIS map-
ping system to improve the flexibility of
the prototype. And finally, we will start
building the formal software links to
automate the reach-back capability for
expert analysis needs, such as event
reconstruction.

Future plans for advancing the proto-
type include improving the fidelity of
the population database, improving the

Los Alamos National Laboratory
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The work station can be used to visually integrate what-if scenarios, such as bio-agent
releases, with operational data such as sensor locations.

usability of the tools so the prototype
can be used by BioWatch cities with
minimal staff training, adding the cost
model, improving the GIS and mapping
capabilities, and automating the reach-
back analysis capability. Day and night
population databases exist for California
and, in a separate program, a methodol-
ogy had been developed to transition
between the day and night populations.
Eventually, we want to include the

Decision Applications Division

24-hour populations for all major metro-
politan statistical areas into the tool.
The tools are useable now by a trained
analyst, but we are working to improve
the user interface and providing manuals
and training programs to train less high-
ly skilled workers.

The AWS shows how cross-disciplinary
teams, and the results of disparate pro-
grams within the division, can be inte-
grated to provide a quick and useful tool




The Analyst’s Work Station

for homeland defense. In addition, the
prototype will be used internally as a

research tool to further division goals,
such as the grid-computing initiative.

|
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Water Infrastructure Interdependencies

Water Infrastructure Interdependencies

ater is the lifeblood of society.

Not only is potable water a

necessity for human health,
water is also used in fire protection,
waste conveyance, electricity generation,
industrial processes, and irrigation, as
well as a multitude of other uses. For
these reasons, people have developed
complex sets of infrastructures to adapt
natural hydrology to the benefit of
humanity. These infrastructures control
water at its source, import and distrib-
ute water to human settlements, treat
and disperse the subsequent significant
quantity of waste-ridden water, and
address the impacts of modifications to
the natural hydrologic cycle on other
infrastructures. Loss of one or many of
these capabilities can significantly
impact human health and socioeconomic
well-being. The maintenance and protec-
tion of water infrastructure is, therefore,
critical to the economic and social
health of the United States.

Water infrastructures are a complex
system of systems that can be divided
into three components:

1. Water distribution: supply, treat-
ment, and distribution of potable water
for human consumption, waste con-
veyance, fire protection supply, and
industrial/commercial uses.

2. Sewage collection: collection, treat-
ment, and disposal of wastewater.

3. Stormwater: collection, treatment,
and disposal of stormwater runoff.

Each of these infrastructures is inex-
orably linked with the others. Water dis-
tribution systems are the primary source
for water in the wastewater collection
system; storm sewer systems can feed
into the sanitary sewer system; potable
water from the municipal drinking water
system enters the storm drain system as
nuisance flows; and discharged treated
wastewater and storm water can enter a
surface water body that subsequently
may be used as an urban water supply.
The planning, design, operation, and
maintenance of these water infrastruc-
tures has typically considered them as
autonomous units. This approach led to
the development of world-class water
infrastructure in the United States; how-
ever, to protect these critical infrastruc-
tures, we need to understand the inter-
dependencies between water infrastruc-
tures and other critical infrastructures.
The existing modeling and simulation
technology base has a single infrastruc-
ture focus and does not account for
interdependencies. The Laboratory, with
its extensive history of success studying
infrastructure interdependencies and
other complex nonlinear systems in sup-
port of U.S. national security, is adapt-
ing its capabilities to study water infra-
structure interdependencies.
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Water Infrastructure Interdependencies

The Water Infrastructure Simulation
Environment (WISE) is an analytic
framework that evaluates water infra-
structure in terms of both infrastruc-
ture-specific and interdependency issues.
WISE integrates geographic information
systems with a wide range of infrastruc-
ture analysis tools including industry
standard hydraulic simulation engines
e.g., EPANET and the Storm Water
Management Model, as well as the
Laboratory’s interdependency simulation
systems such the Urban Infrastructure
Suite and IEISS.

Key components in the WISE frame-
work are ArcWISE, a GIS-based graphical
user interface, and IEISS Water, a water
infrastructure interdependency simula-
tion capability within IEISS. ArcWISE
leverages the existing data management,
analysis, and display capabilities within
geographic information systems while
also extending them to infer, improve,
and amend water infrastructure data in
support of running hydraulic simulation
engines such as EPANET or IEISS Water.
ArcWISE also provides tools for defining
and simulating infrastructure damage
events, such as a fire, and generating
water demand/sewage production esti-
mates. IEISS Water is an extension of
the IEISS analysis software to water dis-
tribution infrastructure simulation. Like
other hydraulic simulation engines,
IEISS Water provides the ability to simu-
late the physical behavior of water infra-
structures, but more importantly IEISS
Water accounts for the nonlinear dynam-
ics within and between water infrastruc-
tures and other critical infrastructures.

IEISS Water provides capabilities to iden-
tify critical components, define system
vulnerabilities, simulate scenarios,
screen possible interdependency contin-
gencies, and define service areas and
outage areas. These infrastructure inter-
dependency capabilities are a significant
advance over most water infrastructure
simulation systems, making IEISS Water
an important tool for homeland security.
|

POINTS OF CONTACT
Tim McPherson, D-3
phone: (505) 665-8762
email: tmac@lanl.gov

Randy Michelsen, D-DO

phone: (505) 665-1522,
email: rem@lanl.gov

Los Alamos National Laboratory

if
iz

¥ |

i

i

‘}3““"“ ATy
§3 T80

Water demand in the
city of Chicago.

L}
)
st
NSt
LIl
L
4 44 o .y
2
S
iy T

Decision Applications Division



Infrastructure Emergency Planning

Division analyzes and character-

izes the consequences of attacks

on a diverse set of infrastructures
such as electric, natural gas, pipeline,
telecommunications, and transportation
networks. Our tools focus on both nor-
mal and off-normal conditions arising
within each regional infrastructure or
within a local network serving one or
more sites of interest. Site-specific
analysis can also include service and
outage area estimates where appropriate,
as well as estimates of outage duration
based upon component criticality con-
siderations. Additional attention is often
given to system-level metrics that indi-
cate degradations to commercial delivery
capability and to varying system condi-
tions throughout a typical year.

Network analyses will often include
three components: regional system
analysis, local operational area analysis,
and on-site analysis. These analyses will
use both quantitative and qualitative
processes, with a greater opportunity to
use quantitative processes the closer the
network is analyzed to the site of inter-
est. In electric networks, for example,
identification of transmission/subtrans-
mission lines critical for power transfer
with adjacent control areas, within the
control area, subtransmission system
configuration, and generating units
available to support local system demand
and voltage stability are considered.

Modeling of network performance is a
fundamental part of the analysis process
and is used as a verification tool, as an
estimation tool of system performance
under adverse operating conditions,
for representation of the infrastructure
in a geographic information system for-
mat, and for graphic presentations in
written reports.

We are continuing to refine IEISS.
IEISS simulates the physical and opera-
tional behavior of interdependent ener-
gy infrastructures during incidents and
disruptions. It can identify and rank
critical components across energy infra-
structures, estimate outages, and quan-
tify feedback.

The primary advantage of this analysis
tool is its ability to model the interde-
pendencies between energy networks
and identify how particular physical
components of these systems behave
during disturbances and contribute to
their severity. This ability allows us to
measure the criticality of assets in a
consistent manner across energy infra-
structures and to assess the potential for
feedback between energy transmission
systems (cascading failures). It is possi-
ble to examine hundreds or thousands of
possible scenarios quickly in order to
pinpoint what caused the most severe
impacts. We can also determine the geo-
graphic extent of service outages,
including which customers are affected.

Los Alamos National Laboratory
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The outputs of IEISS are (1) complete
state information for all of the energy
system components after an
incident/disturbance; (2) lists of out-
aged and damaged components;

(3) geographic areas without service
from particular infrastructures;

(4) traces of feedback between infra-
structures. Information from multiple
runs can be combined to rank the criti-
cality of energy assets. IEISS can handle
electric power, natural gas, and petrole-
um transmission systems and train
emergency personnel in each of these
domains.

The group’s analysis capabilities
played a significant role in predicting
outage areas and restoration times asso-

Decision Applications Division

Analysis of initial
outage areas for the
Northeast Blackout

ciated with the vicious hurricane season
in Florida in 2004. A USA Today article
published on November 21, 2004, noted
that Laboratory researchers were able to
model the hurricanes’ effects on infra-
structure before the storms made land-
fall. Authorities used the Los Alamos
outage maps to identify areas that
would need immediate help. W
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NORAD Contingency Suite Test Bed

NORAD Contingency Suite Test Bed

test bed was constructed immedi-

ately following the terrorist
attacks of September 11. The intent was
to assess architectures that would allow
the North American Aereospace Defense
Command (NORAD) to receive track feeds
of inland aircraft that have been desig-
nated as “of interest.”

A conceptual view of the NCS archi-
tecture is shown in Figure 1. This archi-
tecture builds on the existing Federal
Aviation Agency (FAA) and NORAD
architecture with minimal interfaces,
bandwidth impact, and procedural
changes. The major enhancement to the
existing architecture is the addition of
Multi-Source Correlation Trackers
(MSCT). Plot data from both coastal and
inland radars that feed the FAA and
NORAD systems also feed to the MSCT.

In addition to the radar feeds, the
MSCT has an FAA track feed from the
Automated Air Movement Data System
(AAMDS) so that FAA attributes, such as
commercial call signs, are associated
with tracks. Finally, the MSCT has a track
feed into NORAD by way of the FYQ93
command and control system; however,
only tracks identified by the FAA as “of
interest” and subsequently hooked by an
MSCT operator are forwarded.

T he NORAD Contingency Suite (NCS)

NCS TEST BED

The NORAD Contingency Suite (NCS) was
stimulated by a simulation environment
hosted on a set of Sun workstations. The
main objective was to verify that the
(MSCT) correlator could maintain tracks
in the event that the FAA feed (TzBz
messages stream) is degraded or lost.

To achieve the primary objective, the
simulation environment was configured
to

1. Accurately represent the location of

CONUS-based long-range radars
(LRRs)

2. Accurately represent radar equip-

ment characteristics

3. Provide a representative airplane

density in the air space

4. Provide accurate commercial aircraft

fight plans

5. Provide military interceptor repre-

sentation

6. Provide authentic radar plot mes-

sages through serial-synchronous
communications

7. Provide FAA message formats

(AAMDS TzBz) for processed air
tracks

8. Allow IFF Mode 3c to be selectively

turned off

9. Reconstruct various high-interest

scenarios (Figure 4)

The NCS test bed is shown in Figure 2.
The test bed consists of a MSCT connect-
ed to the SABRE simulation model.

Los Alamos National Laboratory

SABRE is configured with its synthetic
radar generation capability and an
AAMDS TZ/BZ generator. A northeast
sector database containing airports,
enroute radars, and commercial aircraft
defines the object lay down. The MSCT is
receiving plot data from SABRE's syn-
thetic radars by way of MPS 800s using a
synchronous serial protocol. Plot data is
currently formatted as Korean FPS-117
plot data. ARSR 4 radar plot data will be
used when development is completed.
SABRE is also generating AAMDS TZ and
BZ track messages and sending them to
the MSCT through an asynchronous seri-
al interface at a one-minute update rate.

Northeast sector radars modeled are
Benson, Canton, Clearfield, Dansville,
Horicon, Indianapolis, Joliet, London,
Lynch, North Truro, St.Louis, Suffolk,
and The Plain.

Airports modeled are Boston Logan,
JFK, Burlington International, Newark
Liberty International, Manchester
International, LaGuardia, Pitts Town,
Dulles, Philadelphia International,
Pittsburgh International, Detroit
Metropolitan, and St. Louis
International.

The load consists of 150 commercial
flights departing from the above airports
over a 90-minute interval.

The MSCT correlated and tracked the
plot data and the AAMDS data with the
tracks. With the integration of the

Decision Applications Division

AAMDS TZ and BZ messages into the
MSCT, an operator did identify inland
tracks by civilian call sign. Subsequent
hooking and forwarding of the hooked
track to the USAF Region was not
demonstrated.

In addition, through extensive test
efforts completed on the Korean Tactical
Digital Information Links (TADIL)
Architecture Improvement Plan (KTAIP)
Program using an analogous simulation
environment, the MSCT was rated as
superior in a sequence of measures of
performance (MOP). The aggregate of
data collected during KTAIPs and NCS
testing indicates a substantial improve-
ment in air defense situational aware-
ness is achievable in the near term. The
recommended MCST will provide a suit-
able interim capability pending full-scale
development of the North American air
defense infrastructure. M
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Integrated Chemical Effects Tests (ICET)

Integrated Chemical Effects Tests

ontainment buildings of pressur-
C ized water reactors (PWRs) are
designed to contain radioactive
material releases and to remove the
residual heat generated in the reactor
core in case of a postulated LOCA.
The water collected in the sump from
the reactor coolant system and the con-
tainment spray system is recirculated to
the reactor core to remove residual heat.
The sump contains a screen that pro-
tects system structures and components
in the containment spray and the ECCS
flow paths from the effects of debris
that could be washed into the sump.
There are concerns that fibrous insula-
tion material could form a mat on the
screen, which would obstruct flow, and
that chemical reaction products such as
gelatinous or crystalline precipitants
could migrate to the screen, causing fur-
ther blockage and increased pressure-
head losses across the debris bed.

D-5's Integrated Chemical Effects Tests
(ICET) series represents a joint effort by
the NRC and the nuclear utility industry.
ICET simulates the post-LOCA chemical
environment present inside a contain-
ment structure and monitors the chemi-
cal system for an extended period of
time to identify the presence, composi-
tion, and physical characteristics of
chemical products that may exacerbate
debris-bed flow losses. Among the many
objectives, should products of this

nature be found during the ICET series,
are determining the cause and potential
quantity of the products and character-
izing their head-loss properties in com-
bination with fibrous debris. LANL at
the University of New Mexico, with the
assistance of professors and students in
the civil engineering department, are
conducting the ICET series.

The ICET series is a limited-scope
suite of five different initial conditions.
Each test lasts between 15 and 30 days.
In brief, the ICET apparatus consists of a
large stainless-steel tank with heating
elements, spray nozzles, and a circula-
tion pump to simulate the post-LOCA
chemical environment. Samples of struc-
tural metals, concrete, and insulation
debris are scaled in proportion to their
relative surface areas found in contain-
ment and in proportion to a maximum
test dilution volume of 250 gallons of
circulating fluid. Representative chemi-
cal additives, temperature, and material
combinations are established in each
test and then the system is monitored
while corrosion and mixing occur for a
duration comparable to the ECCS recircu-
lation mission time. The first of the five
tests was completed December 21, 2004,
and the second test is now in progress.
In Test 1, precipitants from the test
solution that formed upon cooling are
being identified and studied for possible
adverse head-loss effects. W
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Integrated Chemical Effects Testing containment structure.
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rod. Material easily disaggregates when
slipping off of the rod and becomes
suspended as fine particles in the liquid.
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Decision Applications Division Statistics

Fiscal Year 2005 (FYO5) projected budget by Technical staff members (TSMs) in the division by
focus area—$65.5 million in total*. discipline—178 TSMs in total.
31% Nuclear 10% Physics

10% Statistics

11% 30
Other Eng. 3% Chemistry
’\7% Comp. Sci.

Weapons

[}]
37% N8 7% DoD
Homeland 7% Math
Security
/ 12% Other 20% Other 7% Mech. Eng.
0
12 /o'Energy & 1% LDRD 24% Nuclear Eng.
Environment

Nuclear Weapons 31% $20.3 M Nuclear Engineering 24% 43
DoD 7 4.6 Mechanical Engineering 7 12
Other 12 7.9 Mathematics 7 13
LDRD 1 0.6 Computer Science 7 13
Energy & Environment 12 7.9 Chemistry 3 6
Homeland Security 37 24.2 Statistics 10 17
Physics 10 18

Engineering Other 11 20

* December 2004 projection Other Disciplines 20 36
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Acronyms and Abbreviations

Acronyms and Abbreviations

A

ACTD Advanced Concepts Technology Development
AFCI Advanced Fuel Cycle Initiative

AFLP amplified fragment length polymorphisms
ASA American Statistical Society

AWS Analyst’s Work Station

B
BASIS Biological Aerosol Sentry and Information System

C

CMR Chemistry Metallurgy Research
CONUS continental United States

CREM classified removable electronic media

D

DHS Department of Homeland Security
DoD Department of Defense

DOE Department of Energy

DT Defense Transformation

DTRA Defense Threat Reduction Agency

E

ECCS Emergency Core Cooling System

EITAC Energy Infrastructure Training and Analysis Center
EP Enterprise Project

EPA Environmental Protection Agency

F
FSP Facility Strategic Plan

G

GIS geographical information system
GUI graphical user interface

Los Alamos National Laboratory

H

HI Horizontal Integration

I

ICET Integrated Chemical Effects Tests

IEISS Interdependent Energy Infrastructure Simulation System
IIT Information integration technology

JK

KDD Knowledge Discovery and Dissemination

L

LAMPS Lean Agile Manufacturing Prototype System
LANL Los Alamos National Laboratory

LASC Los Alamos Science Complex

LOCA loss of coolant accident

M

MCMC Markov chain Monte Carlo

MCNPX Monte Carol Neutron Photon Extended
MDA Missle Defense Agency

MPF Modern Pit Facility

N

NASA National Aeronautics and Space Administration

NEC nuclear fuel cycle

NECSim Nuclear Fuel Cycle Simulation

NISAC National Infrastructure Simulation and Analysis Center
NNSA National Nuclear Science Administration

NRC Nuclear Regulatory Committee

NW nuclear weapons

0

OR/SA operations research/systems analysis
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PQ
QUIC Quick Urban and Industrial Complex

R
RNEP Robust Nuclear Earth Penetrator

S

S&T science and technology
SLD second line of defense
SNF spent nuclear fuel

SNM special nuclear materials

T
TITANS Theoretical Institute of Thermonuclear and Nuclear Studies
TRANSIMS transportation simulator

TTD Tunnel Target Defeat

TRAC Transient Reactor Analysis Code

U

UC University of California
UNWD Unconventional Nuclear Warfare Defense

Vw

WISE Water Infrastructure Simulation Environment
WMD weapons of mass destruction

WP weapons program

WR war reserve

XYz
YADAS Yet Another Data Analysis System
||
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Professional Memberships

Professional Organizations

D Division is represented in the following
professional organizations:

Air and Waste Management Association

American Anthropological Association

American Association for Rhetoric of Science and Technology
American Association for the Advancement of Science
American Chemical Society Association for Women in Science
American Economic Association

American Institute of Aeronautics and Astronautics
American Institute of Chemical Engineers

American Mathematical Society

American Nuclear Society

American Physical Society

American Rock Mechanics Association

American Society of Civil Engineers

American Society of Mechanical Engineers

American Society of Nuclear Engineers (ASNE)

American Society for Photogrammetry and Remote Sensing
American Society for Testing and Materials

American Sociological Association

American Statistical Association (ASA)

Association of Aviation Psychologists

Association for Computing Machinery

Association for Women in Science

Health Physics Society

Human Factors and Ergonomics Society

Institute of Electrical and Electronics Engineers (IEEE), APS, ACM
Institute of Mathematical Statistics

Institute for Operations Research and the Management Sciences (INFORMS)
Institute of Nuclear Material Management

Interface Foundation of North America

International Association of Energy Economists
International Society for Analytical Cytology

International Society for Bayesian Analysis (ISBA)
International Society for Optical Engineering (SPIE)

Los Alamos National Laboratory

International Society for Rock Mechanics

International Society of Soil Mechanics and Foundation Engineering
International Test and Evaluation Association

LANL Reactor Safety Committee

Mathematical Association of America

Military Operations Research Society

National Academy of Sciences Panel on Estimating

New Mexico Network for Women in Science and Engineering
Operations Research Society of America

Phi Beta Kappa

Program Committee for the 2004 Congress on Evolutionary Computation
Project Management Institute

Rhetoric Society of America

Sigma Pi Sigma Physics Honor Society

Sigma Xi

Society of Environmental Toxicology and Chemistry

Society for the History of Technology

Society for Industrial and Applied Mathematics (SIAM)
Society of Mining Engineers of AIME

Society of Professional Engineers

Society for Risk Analysis

Society for Social Studies of Science

Tau Beta Pi
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